A method is described for the determination of citric acid in the routine clinical investigation of urine and serum. It is based on a combination of the methods of GEY, LANE and CHEN. The method has been used for several years and has been completed by a statistical analysis.
Recent progress in clinical chemical methods has shown the importance of citric acid in the different metabolic pathways. Its storage and release is influenced by vitamin D and parathormone, and it is a metabolite of the Krebs cycle. Citric acid is also a bone component. Moreover, the secretion and tubular reabsorption of renal citric acid are two problems which remain unsolved. Determinations of serum and urinary citric acid are thus not only of interest in the different bone diseases, but also in certain kidney and liver diseases. The clinical laboratory therefore needs a method for the determination of citric acid in urine and in serum, which is precise, rapid and not too complicated. This paper describes such a method which we have used in our laboratory. Our six years of experience have shown it to be capable of fulfilling all the necessary requirements of the clinical laboratory. Above all, we would like to emphasize its accuracy which permits, for example, the differentiation of certain diseases by analysis of the citric acid levels in serum. We have found many methods for the determination of citric acid in the literature, most of them based on the conversion of citric acid into pentabromacetone (Pba), with various modifications for its oxidation and extraction (2-12). We have retained the methods of GEY, and LANE and CHEN. After trying both, we decided that a judicious combination of the two would permit us to shorten the time required for the determination without sacrificing its sensitivity. We therefore kept LANE et aFs sequence of oxidation at low temperature and the subsequent reduction of the excess permanganate by hydrogen peroxide. We then substituted GEY'S technique for extraction with petroleum ether, elimination of traces of acid, and formation of the Pba-thiourea-borax complex.
Thus the combination of the two methods permits us to shorten the time required for the determination without affecting the accuracy of the results. By adopting GEY'S method of extraction, we have eliminated certain inherent errors of the Nal-ethanol extraction, for example the influence of light, temperature and the possible contamination of theNal-Pba-ethanol mixture by acids, which would have to be eliminated by washing with water and the phosphate buffer. Furthermore, the Pba-thioureaborax complex is not affected by the presence of ß-hydroxybutyric acid, acetone and succinic acid, even in pathological quantities. The Pba-Nal-ethanol reaction is sensitive to the aforementioned compounds, as well as to aspartic acid.
Method
Principle Citric acid is converted into pentabromacetone (Pba) in acidic solution and at low temperature by a reagent consisting of potassium bromide and potassium permanganate. The excess potassium permanganate is reduced by hydrogen peroxide. The Pba formed is extracted with light petroleum, the extract is washed, and the Pba re-extracted with a solution of sodium boratethiourea. The resulting complex has an absorption maximum at 450 a Reagents Important points 1. Samples are heated with H 2 SO 4 to eliminate a nonidentified substance which obscures the Pba-thioureaborax complex at 450 πιμ. 2. The reduction of the excess oxidant with H 2 O 2 in an ice bath must be done slowly and carefully. An excess of H 2 O 2 causes a loss of Pba. 3. The time lapse between the extraction of the Pba complex with the thiourea-borax reagent and its reading with the spectrophotometer must not be longer than 25-30 minutes. We have discovered a diminution of 4% of the extinction for time lapses greater than 35 minutes. 4. The extinction of the sample should be between 0.1 and 0.45. 5. A point on the standard curve should be determined with each series of determinations. 6. Determinations should be made on fresh samples, but if this is not possible the 24-hour urine should be divided and stored in small plastic bottles which are kept in the freezer. If a determination must be repeated, we suggest using a new sample which has never been defrosted.
Statistical Part
We start by assuming orthogonality. The reference straight line is established from η observations equally distributed between the 4 levels of X: 25, 50, 75 and 100 μ& of citric acid. These levels are assigned the coded values Z = -3, -1,1,3. The relation between X and Z is X = 12.5 Ζ + 62.5
The first step is the analysis of variance which shows whether the regression y = a -+· bz is valid. At the same time, this analysis gives an estimate of the variance of the experimental error. -If the regression is valid, the equation y = a + bz (2) may be used under the form Z = Yowhere y 0 is a response corresponding to an unknown value of Z. Needless to say, the new determinations must be carried out under the same conditions as those under which the regression line was determined. Finally, X is calculated from (/). The second step consists of the calculation of the confidence interval attached to Z. This may be effected by FIELLER'S method (1) . The notation given in the reference will be used. -In our problem, the value of g is so small that it may be disregarded. Therefore, we can use the simplified expression
where Z is given by (3) t is STUDENT'S t S is the standard deviation of the experimental error 
Numerical example
We consider here a non-orthogonal experiment. For reasons unknown to us, unequal numbers of observations were allotted to the four levels of X. The assistant fitted a regression line by eye and used it as reference in subsequent analysis. It was therefore necessary to proceed to the statistical analysis. where y 0 is the average response obtained for an unknown value ofX.
Data

Confidence interval of X
Owing to the lack of orthogonality, the determination of the confidence interval is a little more complicated than in the balanced case.
Starting from X = -~--and using the notation of the reference we must determine 1 _ .. We wish lo thank Miss SMITH (Vevey) for the English translation.
